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In the method of the invention to obtain lipids with a high proportion of long-chain 
polyunsaturated fatty acids (LCPs) with 20 fo 22 carbon atoms by extraction from a raw 
material of animal or vegetable origin, unicellular algae (microalgae), macroalgae from the 
families of the brown, red and green algae and/or residues of alginate or carrageenin 
production with a water content of ^ 50 weight % and a particle size of < 50 mm are used. 
For extraction, an organic solvent or a compressed gas is used. A lipid extract with a high 
proportion of w6 LCP and w3 LCP and in particular with a content of at least 5 weight % 
of arachidonic acid and/or a content of at least 3 weight % of docosahexanoic acid is also 
prepared. 
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CLAIMS: 



1. A method for obtaining lipids with a high proportion of long-chain polyunsaturated 
fatty acids (LCPs) having from 20 to 22 carbon atoms by extraction from a raw 
material of animal or vegetable origin, 

5 characterized in that 

as the raw material, unicellular algae (microalgae), macroalgae from the families of 
brown, red and green algae and/or residues from alginate or canagheenin production 
with a water content of < 50 weight % and a particle size of < 50 mm are used, 
and 

10 that for extraction an organic solvent or a compressed gas is used. 

2. The method of claim 1, 
characterized in that 

a raw material with a water content of 5 to 50% and in particular 5 to 15 weight % 
and with a particle size of 0.01 to 50 mm, in particular 0.1 to 1,0 mm, is used. 

15 3. The method of claim 1 or 2, 
characterized in that 

extraction is done with a solvent miscible with water in any ratio, in particular a low 
alcohol, at a temperature of 20X to eS^C, in particular 60*C, and that the extraction 
is carried out in the form of a batchwise extraction (maceration) percolation, decanter 
20 extraction or countercurrent extraction. 



The method of one of claims 1-3, 
characterized in that 

the extraction liquid (miscella) obtained with the aid of a solvent miscible with water 
in any ratio at 20^*0 or more, in particular ethanol, is diluted with water, in particular 
to 20 to 90 volume %, and/or cooled down, in particular to < +20**C to -60*C, to 
such an extent that the lipid extract at least partly precipitates out, and 
that the thus-obtained lipid extract is separated. 
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The method of one of the foregoing claims, 
characterized in that 

the miscella obtained with the aid of an organic solvent, or the extract obtained from 
it and partially or completely freed of solvent, is extracted with a compressed gas, 
and the neutral lipid fractions dissolved in the compressed gas and as desired the 
polar lipid fraction that has not entered into solution in the compressed gas are 
isolated. 

The method of claim 1 or 5, 
characterized in that - 

the pressures of the compressed gases employed are from 60 to 2000 bar, in 
particular 70 to 500 bar, and the temperature is from -20 to +200 °C, in particular 
+20 to +60^C. 

The method of claim 1, 5 or 6, 
characterized in that 

carbon dioxide is used as the compressed gas, to which an entraining agent may be 
added. 

A lipid extract or lipid extract fraction of unicellular algae (microalgae), macroalgae 
from the families of the brown, red and green algae and/or the residues of alginate 
or carragheenin production, 
characterized by 

a content of arachidonic acid of at least 5 weight % and/or a content of 
docosahexanoic add of at least 3 weight %, referred to the total weight of the fatty 
acids. 

A lipid extract or lipid extract fraction, obtainable by the method of one of claims 
1-7. 
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10. The lipid extract or lipid extract fraction of claim. 9, 
characterized by 

a content of arachidonic acid of at least 5 weight % and/or a content of 
docosahexanoic acid of at least 3 weight %, referred to the total weight of the fatty 
5 acids. 

Ih A food, 

characterized in that 

it contains a lipid extract or a lipid extract fraction of one of clainns 8-10. 

12, The use of the lipid extract or lipid extract fraction of one of claims 8-10 as an 
10 additive to the fat body of infant nutrition products, as dietetic products for 

arteriosclerosis prevention, for the prevention of autoimmune diseases (atopias) and 
as an additive to cosmetic products. • 
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PT^nrRSS FOR EXTRAPTTNG LTPm5: WITH A ffiGH PROPORTION 
OF T.ONG-CPATN fflGHLY X TN5!ATtTRATED FATTY ACIDS 

<;PFCIFICATION : 

The invention relates to a method for obtaining lipids with a high proportion of long- 
5 chain highly unsaturated fatty acids, with from 20 to 22 carbon atoms, by extraction from 
a raw material of animal or vegetable origin, and to the extract obtained and its use. 

Our foodstuffs include not only saturated fatty acids but also monounsaturated and 
polyunsaturated fatty acids, which thus have at least one double bond in their carbon chain. 
These polyunsaturated fatty acids are often designated by abbreviations. The number of 
10 carbon atoms or the chain length is given first. This is followed by a hyphen or colon, 
which in turn is followed by a number that indicates how many double bonds there are in the 
carbon chain. Following that but separately, the number of omega-carbon atoms is given, 
counted from the methyl end of the chain, after a "w" or "n". In this system, the short 
formula for linoleic acid is 18-2 n6. 

15 In fatly acid metabolism in the human being, double bonds are known to be 

introduced into the carbon chain of a saturated fatty acid. However, this desaturation is 
possible only after the carbon atom C9 in the direction toward the carboxyl end. The result 
is that fatty acids such as linoleic acid (18:2 n6) and a-linolenic acid (18:3 n3) must be 
considered essential, since they cannot be synthesized by the human organism itself but rather 

20 must be supplied from food. 
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From these essential C18 fatty adds, the healttiy human oiBanism is c^le of 
synthesMng a number of polyunsaturated felly adds having fcom 20 to 22 carbon atoms, by 
means of further desatuiafion and chadn elongation. Hie clongaticMi occurs at the carboxyl 
end of the molecule, and the desatoration occurs between the carboxyl group and the first 

5 double bond that follows it. The mirabcx of carbon atoms between the rnethyl end of tho 
fatty add and the last double bond (omega-C atoins) remains unchanged thereby, so that firom 
linoldc acid (18:2 n6) in Upid melaboliam, only omega-^ fetty adds (w6 famUy) are derived, 
and fiomorlinolcnic add only omegar3 fatty adds (w3fati^^^ Thecourseof 
biosynthesis of the w6 famUy thus begins with IJnol^c add (C18-2 n$) and proceeds through 

10 gamma-Hndenic add (ClS-3 n^, di-homo-gamma-HnoIenieadd (C20-3 n©, and aracWdonic 
acid (C2(M n6) to docosapentande add (C22-5 n6). With respect to the w3 family, the 
course of biosynthesis begins with a-ltnolomc add (C18-3 n3), through octadccatetraenoic 
add (C18-4 n3), dcosa^ranoic add (C20^ n3), dcosapentandc add (C2Q-5 tt3) to 
docosahexanoic add {C22-6 n3)- 

15 By international convention, this group of fatty acids with extraordinary phyaddoglcal 

importanceislmownasLCPstforlong-chain.OOlyunsatura^ Hiese fatty adds 

with 20 to 22 C atoms are derived fiom the esscnM CIS fetty adds and have at least two 
doable bonds in the acyliadical. ITie abbreviation IXP wiD be used bdow for this ^rou^ 
of fetty adds, and a disdnctlan is made between w6 LCPs and ^ LCPs, 

20 mLC^ have versatile biological effects. For instance, they arc an indispensable 

component of aD ihe cdl membranes iti the body. A change in the membrane lipid 
composWcm can cause a great variety of physiological problems, 

0 

m recent years» the doosandds (prostaglandins, Icukoirienes, pxostacycEns and 
thicmbootanes) gynthesized hi the orgam' sm from some LCPS have gained particular attention. 
25 It has been dcmonstiated tteil this highly active group of dcosanoids. in low awcentrations, 
is involved in a number of physiolo^cal processes. 
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In infants and children, in comparison to adults, because of the relatively high need 
for growth and low reserves, the danger exists of a deficiency in these LCPs. In the last 
trimester of intrauterine fetal development and during postnatal development of the newborn, 
large amounts of w6 and w3 LCPs are accumulated in the organs. The capacity for synthesis 
of the LCPs from the essential precursors appears limited in the young infant, however, 
because of immaturity of the desaturating enzyme system. 

Since these LCP fetty acids are virtually entirely absent from infant formulas 
previously available, formulas have recenUy been developed that are enriched with these fatty 
acids; see German Patent Disclosure DE 39 20 679 Al, for instance. 

Because of the increased interest in LCPs, there has been an increased demand for 
sources of raw materials for such long-chain polyunsaturated fatty acids. The oils containing 
LCPs that are currently available are quite predominantly obtained from marine cold water 
fish (see European Patent Disclosure EP 0 292 846 A2 and German Patent Disclosure DE 
39 40 239 Al). Such oils from the muscle tissue or organs of fish are distinguished by high 
proportions of w3 LCPs and in particular of eicosapentanoic acid (20-5 n3) and 
docosahexanoic acid (22-6 n3). Such oils and particularly oils from fish organs have the 
disadvantage, however, of a high cholesterol content and also a high content of fat-soluble 
vitamins and possibly fat-soluble pollutants (heavy metals and pesticides). 

It has also already been proposed that LCPs be obtained from autotrophically or 
helerotrophically fermented microorganisms (see International Patent Disclosures WO 
91/07498 and WO 91/119 182 and German Patent Disclosure DE 34 46 795 Al). 

The LCPs of interest here can moreover be obtained from organ fats of livestock 
(cattle/pigs) and from the yolk of chicken eggs (EP 0 074 251 B2). The extraction of LCPs 
from human placentas is described in EP 0 140 805 Al. 

The object of the present invention is to furnish a method for obtaining LCP-rich 
lipids from a raw material not previously used for these purposes. The object of the 
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invention is also to furnish a lipid extract or lipid extract fractions that are rich in LCP fatty 
acids and that provide a foundation for producing foods, in particular baby foods, among 
others. 

This object is obtained by the teaching of the claims. 

5 An essential aspect of the invention is that a certain raw material is used to obtain 

LCP-containing lipids. 

In the method of the invention, one can for instance use macroalgae, primarily 
occurring in the sea, from the families of brown, red and green algae. Of these, those from 
the Phaeoophvceae and Rhodophyceae families are of special interest. However, certain 
10 species are also used for human nutrition in other parts of the world, above all in the coastal 
countries of Northern Europe and East Asia (Japan). These macroalgae can be found in 
many continental shelf zones of the ocean and are available in practically unlimited 
quantities. A few macroalgae species are also intentionally cultivated in partitioned-off areas 
of the sea (aquaculture). 

15 It has now surprisingly been found that lipids with a high proportion of LCPs can be 

extracted from these macroalgae in an economical way, if an organic solvent or a condensed 
gas is used. Moreover, the macroalgae are comminuted, in particular ground, before the 
actual extraction, so that the raw material obtained from these macroalgae and used in the 
method of the invention has a particle size of < 50 mm. Furthermore, the macroalgae are 

20 dried either before or after the comminution, so that their water content amounts to ^ 50 
weight %. 

Partially dried products of ground native algae available on the market ("algae flour") 
can also be used as raw material based on brown and red algae. These commercially 
available products are available and inexpensive on the market and were previously used only 
25 for soil improvement or as an additive to animal feed. 
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Fxom various brown and led aJgae spedes, alginates and carraghccnirts are curreatly 
obtained on a large scale; ihey are used in the most versatile ways b3 hydzocoiUoida in the 
food industry. To obtain the hydrocaUoids, the algae aw "pianted'' ot cultivated, harvested, 
dried and ground on a large scale as described above. Depending on the desired properties 
5 of the hydrocoliodds to be extmcted, different algae species are intentionally mixed and 
jRnaiiy eatected in aqueous fbnn. 

It has also been suipriaingly discovered that the residues that occnr in the hydrocoHrad 
extracdon, which cunently are not used at all or are used to only a very slight extent to 
produce products for soil improvement or as addilivBs for aniinal feed, can be used as raw 

10 material for the method of the inventiDn, It has in feet been demonstrated that in the 
retraction to obtzdn the hydrocdloids usbig adds and lyes, the LCP-containing lipids present 
in the algae are not damaged. On the contrary, by the removal cf the hydrocoDoids from 
the sagae mixtures, there is in fact an improved yield of the exlractable lipids, including the 
long-cbaln polyunsaturated fatty adds of interest here, and at the same time there is a lower 

15 presence of hydrocollGids and pigments in the extracts. 

It Is preferred, according to the present invention, to use the residues that occur in 
hydrocoUdd production as a raw material used for human nutrition. This prcFvides optimum 
utilization of the residue of algae extraction. The order of the eixtraclion processes 
(extraction with an aqueous and organic solvent) is in principle not agrdficanL However, 
20 a prior al^nate production is piefened, because following it die relative lipid content in the 
raw material and thus the yield can be increased* and die prcsGice of hydrocollolds in the 
lipid extracts is mininaized. 

As raw material that can be used in the method of the invention, mJcroalgac, which 
have in the past already been used ooca^naQy for human food in some countries, can also 
25 be used according to the inventian. Theseprcdominantlydnglecdl algae, whose habitat is 
m fresh water, aea water, or brackish water, are often cultivated fa open-fidd ponds, 
utilizing sunlight. 
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In rccent years, thcxc have been increasing attempts to fennent single cell algae under 
defined culture conditions. This algae biomass produced far fermentaticwi is already available 
on the market, for instance for the species of the S pirulina , DnnaBella and Foxpbyri^jlitffB 
genuses. In addition to these autotn^hicatty cultivated spedes - that is, species cultivated 
5 under sunlight or under artificial light - methods have been developed for piodudng certain 
mictoalgae biomass hetfirotropWcally in closed fennent^s at economical cost. All these 
mlcroalgaB fwm the Cyanophvta. Chrysophyta . Dinophvta. E\iglCTOgKYta> RhodoplQaa and 
Chktfophvta phyJa, cultivated in open ponds or autotrc^cally or heterolrophically 
fermented, can be used according to the invention. 

10 If the lesidaes used according to the invention from hydrocolloid extraction and the 

microalgae used according to the invention have a moisture content of more than 50 wdghi 
% and/or a particle size of more than 50 mm, then this raw material is dried and/or ground 
prior to the extraction according to the invention, so that the water content of the biomass 
used in the method of the invention is 50 weight % and the particle size is !S 50 mm. 

15 A raw material with a water content of from 5 to 50 weight % , in particular 5 to 15 

weight %, and a particle size of 0.01 to 50 mm, in particular 0,1 to 1.0 mm, is preferably 
used« 

An organic solvent or a compressed gas is used as the solvent for extraction of the 
lipids with a high proportion of LCPs- In particidar, da&sac organic solvents and low 
20 alcohols with 1 to 6 carbon atoms are used as the organic solvent, Prrferably, solvents and 
alcGibols that are miscible with water in any ratio are used. Ethanol can be named as a 
prelened eoample. Naturally mixCnres of the solvents named may also be used. Preferably, 
organic solvents that are permitted by the varions legal regulations for foods are employed. 

As compressed gases, carbon dioxide or propane w a nature thereof are preferably 
25 used. The gas used must be under suffideiil pressure and have sufficient temperature to 
assure that it win be in a liquid or supercritical state. Such compressed g^scs are 
characterized by chaiactedstlc dissolution properties, particularly for lipophilic ingredients. 
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To change the extraction properties, other gases or liquids may be admixed with the 
compressed gas as an entraining agent in a quantity such that the mixture under the extraction 
conditions is in a uniform liquid or supercritical state. As the entraining agent, a compressed 
gas that is more-polar or more-nonpolar than the compressed gas used for the extraction, or 
an organic solvent, may be employed. In this way, the polarity of the extraction agent and 
thus the dissolution properties thereof can be varied or adjusted. 

The extraction with an organic solvent is carried out in particular at a temperature of 
from 20**C to 65**C, with the upper temperature value naturally depending on the solvent 
used. Extraction is preferably done at a temperature of approximately 60**C, especially if 
ethanol is used as the organic solvent. 

The extraction is preferably carried out in the form of a batchwise extraction 
(maceration), percolation, decanter extraction, or countercurrent extraction. The total yields 
in these types of method may admittedly be less than in an extraction of all the lipids, for 
instance with the aid of the exhaustive Soxhlet extraction. However, these procedures can 
be carried out in substantially less time and are thus more economical. 

In extraction with a compressed gas, percolation is preferably carried out. 

Although in the context of the present application the term organic solvent is used in 
the method of the invention, it is nevertheless understood to mean both the corresponding 
water-free solvents and solvents that contain water (up to 30 volume %). Hence, standard 
solvents can be used without requiring them to be dried beforehand. Nevertheless, a high 
proportion of water can impair the yield of the desired lipids. 

To separate the lipid extract from the extraction liquid (miscella) obtained from 
extraction with organic solvents, the temperature of the miscella is preferably lowered enough 
that the lipid extract precipitates out at least in part. If a solvent that is miscible with water 
in any ratio is used as the solvent, an example being ethanol or isopropanol, then the lipid 
extract can also be separated by increasing the water content, and this provision can also be 
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combined with the described lowering of temperature. The organic solvent is then not 
removed, or is removed only partially, from the miscella. The miscella is mixed with water 
in a first stage, optionally while being cooled, so that the dissolution capacity of the mixture 
at the temperature selected is no longer sufficient to keep the lipids in solution. The lipids 
are then separated from the miscella, for instance with a filter separator. 

The liquid solvent can be removed from the resultant solution at standard pressure and 
high temperatures, and the remaining extract can thus be recovered. 

In this separation of the lipid extract from'the miscella by increasing the water content 
and/or by lowering the temperature, the water content of the miscella is preferably increased 
to 20% to 90% y and in particular to 30 to 50%. The temperature of the miscella is 
preferably lowered to values of from +20*'C to -eO'^C, and in particular to +5''C to -18°C. 
It is self-evident that the water content of the solvent originally used, and hence of the 
miscella, was above the values given prior to the addition of the water. A solvent (such as 
ethanol) that has a water content of 0 to 20 volume percent, in particular 4 to 15 volume 
percent, is preferably used. 

The situation is similar for the temperature. Hence the temperature of the miscella 
prior to the lowering of temperature must naturally be above those values to which the 
temperature is lowered. Preferably the miscella is at a temperature of from 40°C up to the 
boiling temperature of the solvent used. 

Naturally, the total extract can also be recovered from the miscella by evaporating off 
the solvent. However, by increasing the water content and/or lowering the temperature it 
is possible for the lipids with the fatty acids of interest here to be precipitated out virtually 
quantitatively. 

From the miscella obtained with the aid of an organic solvent or from the extract 
obtained from that and freed completely or partially of solvent, extraction can be done once 
again with a compressed gas, preferably carbon dioxide. In this preferred embodiment, the 
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extract obtained with the aid of the organic solvent was fractionated into a nonpolar high 
triglyceride-containing fraction and a polar phospholipid-containing fraction, which optionally 
after suitable refinement can be used for manifold purposes. 

The conditions for the fractionating extraction with the compressed gas are the same 
5 as for the extraction with this gas of the algae etc. originally used. 

It was surprisingly found that it is possible, by selection of certain raw materials and 
by certain extraction steps, to obtain a lipid extract or lipid extract fractions with lipids that 
are rich in certain LCPs. The subject of the invention accordingly also includes a lipid 
extract or a lipid extract fraction with a content of arachidonic acid of at least 5 weight % 

10 and/or with a content of docosahexanoic acid of at least 3 weight %, in terms of the total 
weight of the fatty acids. It is self-evident that these fatty acids are not available in free form 
but rather in "bound form" such as triglyceride, glycolipid, phospholipid, etc. By furnishing 
this lipid extract or these lipid extract fractions, it is possible among other things to furnish 
a raw material for producing baby foods that contains the arachidonic acid and/or 

15 docosahexanoic acid important for the development of the child. Lipids that are rich in these 
fatty acids are otherwise obtainable only with difficulty or in a commercially unsatisfactory 
way. The content of arachidonic acid and docosahexanoic add and in particular the content 
of these two fatty acids in a lipid extract naturally depends on the choice of raw material 
used. However, it is sufficient if the lipid extract contains one of these fatty adds in a high 

20 proportion, since it can naturally be mixed with other extracts and other ingredients. 

The subject of the invention is also a lipid extract or a lipid extract fraction obtainable 
by the method of the invention. 

The LCP-containing lipid extracts or individual lipid fractions (triglycerides, 
glycolipids, phospholipids, etc., or mixtures of both) according to the invention may, 
25 optionally after conventional refinement and stabilization, be used as an additive to the fat 
content of infant formulas. The term "infant formulas" is understood here to include not 
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only th^ u$ual starting milk formulas for premature and term infants, but also special 
products that are offered for therapy or prevention of atqi^ disesases^ fox instance. 

Because of the diaxactnd&tic proportions of LCP and thdr emuMfying properties* 
phosi^u^pld-coatainlng fmctions from alg^ raw materiah in particular, after suitable 
5 refinement and stabilizalion, can also be u^ as an additive in fat emuldons for parenteral 
nutrition* 

The liptd extracts and/or lipid iractions inenticmed, and/or the aOcyl esters obtained 
after hydrolysis and te-esiedfication of the LCPs, may be used in suitable form (such as 
gdadn capsules) for the prevention of arteriosclerotic diseases and of inflammatory 
10 autoimmune diseases. 

The LCP-ccmtaining fractions and in particular the phospholipid fractions can serve 
as an active ingredient adtfitive to cosm^ preparations or as starting material to form 
liposomes, which can also be added to cosmeUc preparations. 

Particularly the LCP-containing phospholipid fractions, because of their physical- 
15 chemical properties, can be used as emtil^fiars Jn the food and cosmetic industries. 

Highly purified frBCtions of the LCP-containing ll|dds and the free Utty adds and 
fatty add esters obtained after hydrolysis and optional re-estedlication can be employed as 
comparison substances (standards) in analysis. 

20 E^cy n plp X 

Extraction of various raw materials using Soxhict extraction 

A number of different algae species and a number of different residues of alginate and 
canageenan production were extracted with the aid of exhaustive Soodilet extraction, usng 
ethanol (95%; V/V) over a period of 40 hours. The li{nds were extracted quantitatively. 
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The natural mixtures of triglycerides, glyco- and phospholipids and fat-soluble pigments and 
vitamins have been referred to as complete lipids hereinafter. 

The results of these extractions are summarized in Tables 1 and 2. These tables show 
the respective fatty acid pattern or the various total lipid or fatty acid yields, 

5 The results listed in these Tables 1 and 2 show that the brown and red algae or the 

residues of alginate and carragheenin production, extracted according to the invention, have 
a high content of physiologically significant polyunsaturated fatty acids. Arachidonic acid 
(AA; 20-4 n6) and docosahexanoic acid (DHA; 22-6 n3) can be named primarily as 
indicative components. These fatty acids may be extracted in quite different proportions 
10 - from the various raw materials. While arachidonic add can be extracted from all raw 
materials in proportions of 5 to 8 weight %, the raw materials of alginate and carragheenin 
production designated as alginate 3 and 4 are above all characterized by characteristic 
docosahexanoic acid contents. In the other raw materials, this fatty acid does not occur, or 
occurs in only very low proportions. 

15 The extraction yields shown in Table 2 demonstrate that the total extractable lipid 

content of the various algae raw materials ranges between approximately 10 and 70 g/kg of 
dry composition, and in each case approximately 50% total fatty acids can be recovered. In 
the residues of alginate production, the proportion of extractable indicative fatty acids (n6- 
LCP+n3-LCP) ranges up to 7 g/kg of dry substance, and in the native algae up to 6 g/kg 

20 of dry substance. 

The method according to the invention can be carried out on a commercial scale 
especially if the two residues alginate 2 and alginate 3 of alginate production, the single-cell 
oil (microalgae) and the algae flour from Ascophyllum nodosum are used as raw materials 
in the method of the invention. 
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The extract obtained by the solvent extraction can be fractionated and purified by 
conventional processes. Extraction according to the invention with a compressed gas can also 
ensue. 

Table 1 

Fatty acid pattern of microalgrae. macroalpae. and residues o f alginate production by means 
of ethanol-5;oxhlet extraction in weight % of the total fattv acid pattern 



Hamo 


Micro 


Alginate 1 


Alginate 2 


Alginate 3 


Alginate 4 


Pucus 


Asco. 


Lam. 


Macro. 


12-0 


0.50 


0.78 


0.84 


0.20 


1.06 


0.08 


0.15 


0.51 


0.32 


I'M) 


0.49 


937 


6.94 


10.04 


6.16 


n.76 


10.40 


7.06 


13.90 


tI4-l n5 


0.06 


0.27 


0.25 


0.27 


0.15 


0.08 


0.0« 


0.24 


0.15 


14-1 nS 


0.00 


0.11 


0.09 


0.23 


1.66 


0.09 


0.12 


0.05 


0.82 


15-0 


0.42 


0.51 


030 


0.41 


0.55 


039 


0.33 


0.43 


0.74 


16-0 


49.66 


23.53 


17.39 


13.40 


27.92 


19.27 


12.40 


2239 


29.90 


tl6-l n7 


3.97 


0.25 


0.21 


0.19 


1.33 


0.12 


0.12 


0.00 


2.55 


16-1 d7 


0.45 


3.08 


3.00 


1.45 


3.46 


1.49 


1.28 


4.05 


3.16 


17-0 


0.39 


0.16 


0.11 


0.18 


0.25 


0.15 


0.17 


0.14 


0-23 


18-0 


2.97 


0.97 


0.63 


0.66 


1.80 


0.82 


0.93 


1.11 


1.51 


tl8-l n9 


0.06 


0.03 


0.03 


0.00 


0.23 


0.00 


0.02 


0.02 


0.14 


lMn9 


1.30 


29.34 


22.64 


4434 


22.92 


36.33 


43.80 


20.01 


22.40 


18-2 n6 


6.94 


7.37 


6.15 


7.44 


332 


8.74 


8.00 


5.83 


3.87 


18-3 n3 


0.78 


3.40 


5.69 


1.74 


0.78 


2.64 


230 


6.00 


2.00 


18-4 ii3 


0.00 


3.31 


- 11.27 


l.OO 


1.40 


2.15 


1.43 


9.92 


2.03 


20-0 


0.00 


0,75 


0.43 


032 


2.00 


0.43 


0.29 


0.49 


1.13 


20-1 n9 


0.00 


0.04 


0.05 


0.09 


0.80 


0.05 


0.13 


0.02 


0.04 


20-2 n6 


1.09 


0.29 


0.51 


1.25 


0.15 


0.22 


1.37 


0.14 


0.04 


20-3 n6 


0.98 


0.45 


0.41 


0.58 


0.48 


0.76 


0.59 


030 


0.33 



10 



15 



20 



25 



12- 
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20-4 n6 


12.06 


7.20 


8.41 


5.22 


5.01 


7.34 


8.QS 


7.72 


7.85 


20-3 n3 


0.00 


0.08 


0.16 


0.03 


0.02 


0.06 


0.27 


0.14 


0.03 


20-5 n3 


8.19 


5.54 


10.62 


1.87 


MS 


3.15 


3.06 


9.82 


2.41 


22-0 


0.00 


O.OS 


0.04 


0.15 


0.03 


0.15 


0.12 


0.02 


0.09 


22-1 n9 


0.00 


0.01 


0.01 


0.14 


0.68 


0.02 


0.30 


0.37 


0.04 


24-0 


0.00 


0.09 


0.11 


0.21 


0.00 


0.14 


0.20 


0.05 


0.20 


24-1 n9 


0.00 


0.55 


0,35 


1.70 


0.01 


0.89 


1.19 


0.02 


o.n 


22-6 n3 


0.00 


0.03 


0.00 


3.56 


7.40 


0.17 


0.08 


0.10 


0.05 






















n.l 




9.69 


3.38 


3.34 


9.24 


2.50 


2.74 


3.05 


3.85 


trans FS 


4.63 


0.55 


0.49 


0.46 


1.72 


0.2 


0.22 


0.26 


2.84 






















TOTAL 


100 


100 


100 


100 


100 


100 


100 


100 


100 



Micro = imcroalgae, such as Porphyridium cnicntum; Alginates 1-4 = various residues from alginate 
production; Fucus = Fucus serratusr Asco. = Ascophvllum nodosum; Lam. = Laminaria digitata: Macro. = 
Macrocvstis pvrifera ; n. i. = not identified; trans FS = Irans-fatty acids. 
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Table 2 

Total CDttracl r l^ F^ extract and fattv add yidds of imCTOalgBfi> magTOate^ antf l^ t^m ^ 
alginate production fmm et hanoI-Saxhl ct ^tiacdan in g/fcg of raw nmtgrial dyy SutStMICg 



it- 



10 



15 



20 



1 












Lua. 
















11132 




mM 


61^ 


346.92 


mm 


IS 




».eo 






12.1S 


22.45 


UJS 


46.15 
























Oti.-FS 




2B.07 


34.11 


34.00 


7J4 


9.78 


5.U 




42.19 




4S.8 


50.4» 




5633 


37j4B 


43 J9 


45.40 


39.07 


3700 
























1414 








0.47 


0.82 


0.44 


233 


434 


ii5-LCP 




1.62 


343 


1.9Z 


0.71 


1.02 


0.13 


0.95 


1.4B 
























2.4? 


2.07 




1.M 


0.4» 


0.7» 


0.42 


2.05 


3.49 


20-5113 


1.09 


1.59 


3.87 


0.M 


0.10 




0.13 


0.88 




32^ A3 


0.00 




0.00 


' M5 


0.01 


0.01 


OiX) 


0.05 


0.03 



Micro - xmawUw wdi w PntphTriJInm cTttEntmn; MgiMtes 1^ various reside torn alginate 
pioductton; ILam. = LamtottrU digtteU; Macro. « Mflcrroyatig pvrifew: Fucus « locffi.sfsS9§; Asco. =• 
^jacophvlhun ncdosmn; OH =» total extract; LB = KpW extract after imoval of the lydtophnic iflgredie^ 
<'FOLCH"); Oes--I^ = total fetty adds; is6-LCP - total of b6 fetty «cid8 wiliilO and more caibcm atoms in 
the Boyl radical; II3-LCP ^ total of n3 fclty adds witk 2D «iJinowc?ibaaaion»k^ 
a aiacludonlo acid; ZIKS n3 =» etcosapentanoic acid; 22-6 ii3 docosakejtmwic acid. 

Hie extract is preferably Aeed of solvent completeiy hy distiOatioa at leduced 
pressure, and tlien subjected to the usual purification piocesses in the productioii of food fata 
in iiidustty» such as bleadnng, degummicg and deodorization» The bieaclnng agpnt can 
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Example 2 

Extraction of lipids from the alga Ascophyllum nodosum with 90% ethanol 

Flour of the alga Ascophyllum nodosum was used as the raw material. 
Characterization of the Ascophyllum nodosum raw material: 
5 Water content: 9.6% 



10 



Particle size 
Screen mesh width 
(mm) 


% distribution 






0.5 


0.2 


0.25 


0.4 


0.1 


75.4 


0.05 


23.1 


>0.05 


0.9 



The solvent extraction over four hours was performed with ethanol (90%; V/V) at 
15 various temperatures. In the apparatus used, the process was a single-stage percolation done 
on a laboratory scale. The ratio between the extraction agent used and the raw material dry 
substance was approximately 4: 1 (weight/weight). 

In comparison with the Soxhlet extraction (see Table 3), in which an extraction time 
of 40 hours was adhered to, the yield of the four-hour percolation was uniformly quite high, 
20 It demonstrated that increasing the extraction temperature leads to an improved yield in all 
the extract ingredients. Further optimization of the yield in the extraction of this raw 
material is attainable by further increasing the ratio between the solvent and the raw material 
or by changing the course of the process in the direction of countercurrent extraction (see 
Example 3). 
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Table 3 

Extraction yields in percolarion. in percent of raw material dry substance 



10 



Temp. 












w 




















GE 


% 


8.06 


11.01 


14.34 


16.54 


17.89 


15.7 


FS 


% 


0.93 


1.18 


1.25 


1.34 


1.41 


4.22 


20^ n6 


% 


0.09 


0.11 


0.12 


0.13 


0.14 


0.35 


20-6 n3 


% 


0.05 


0.06 


0.06 


0.07 


0.08 


0.13 


Concen- 
tration 


% 


2.5 


2.3 


3.1 


3.4 


3.7 





GE = total extract; FS = fatly acid yield; 20-4 n6 = yield of arachidonic acid; 20-5 d3 = yield of 
eicosapentanoic acid 



The results of the one-stage percolation test shown in Fig. 3 show that with this 
experimental apparatus^ yields of 41% of the arachidonic acid fractions and 58.5% of the 
15 eicosapentanoic acid fractions are attained, compared with the Soxhlet extraction. By the 
percolation process, it was possible to recover a total of 33.4% of the maximum extractable 
fatty acids. The value for the total extract yield, which is elevated compared with Soxhlet 
extraction, can be ascribed to the higher water content (10%) of the ethanol used in the 
percolation and the resultant more-intensive extraction of hydrophilic substances. 

20 From Table 3, it is also clear that for the extraction of the flour of the alga 

Ascophyllum nodosum with 90% ethanol, an extraction temperature of approximately 60**C 
is to be sought, if the method is to be optimized in terms of the miscella concentration, that 
is, the solvent consumption. Naturally comparable yields are also attainable at lower 
temperatures and with a correspondingly higher amount of solvent. 
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Example 3 

Staged countercurrent extraction of a residue from alginate production with 90% ethanol 

In this example, a raw material was used that was already used to recover alginate 
(alginate 1). This residue is a mixture of various species of brown algae. The algae residues 
5 were dried and ground after the alginate production process, so that in terms of particle size 
and water content they are approximately equivalent to the flour of the alga Ascophyllum 
nodosum (see Example 2). 

The extraction method of staged countercurrent extraction employed is equivalent to 
the process carried out on an industrial scale. In contrast to percolation (Example 1), the 
1 0 extract concentration of the miscella in multistage countercurrent extraction fluctuates around 
a mean value. The more stages that are used and the shorter the dwell time of the raw 
material in the apparatus, the -less pronounced this fluctuation is. With this method, by 
comparison with percolation, identical yields can be attained, using only a fraction of the 
solvent, or higher yields can be attained using similar quantities of solvent. 

15 In the example chosen, a four-stage experimental apparatus was chosen. The 

extraction temperature was 20^C; the ratio between the quantity of extraction agent used and 
the raw material dry substance was 2:1, 

Despite the comparatively simple apparatus (30 stages and more are not unusual in 
industrial systems), it was possible in this example to attain yields of 66% of arachidonic 
20 acid, 72.5% of eicosapentanoic acid and 45.7% of the total fatty acids, by comparison with 
the Soxhlet extraction. 
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Table 4 

Yields of the multistage countercurrent extraction of alginate 1 compared with Soxhiet 
extraction, in weight % in terms of the raw material dry substance 



Yield 


Countercurrent 
extraction 


Soxhiet 
extraction 








Total extract 


5.92 


7.72 


Total lipid extract 


4.24 


5.56 


Total fatty acids 


1.28 


2.80 


Arachidonic acid (20-4 ii6) 


0.13 


0.20 


Eicosapentanotc acid (20-5 n3) 


0.12 


0.16 



If these values are compared with the results of the percolation in Example 2, the 
advantages of countercurrent extraction become clear. Although in countercurrent extraction 
only 50% of the quantity of solvent was used and the extraction temperature was only 20**C, 
the yields in terms of total fatty acid and arachidonic acid are nevertheless clearly superior 
to that of percolation. 

Example 4 

Extraction of flour of the alga Ascophyllum nodosum with compressed carbon dioxide 

For extraction with compressed gases, the dried, ground raw material of native algae 
or of residues from alginate and carragheenin production is used. The water content of the 
starting material is typically between 5 and 50 weight % and preferably between 10 and 20 
weight %. The particle size of the material is 0.01 mm to 50 mm, preferably 0.1 mm to 0.3 
mm. 

The raw material used is the algae flour of Ascophyllum nodosum already employed 
in Example 2. The extraction was carried out with compressed carbon dioxide (150 bar, 
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10 



15 



35^C, approximately 11 kg of COj/kg of raw material). Under these conditions, at least 
90% of the total lipids extractable with this solvent can be recovered. 

Table 5 

Extract and fatty acid yields of high-pressure extraction of Ascophyllum nodosum in 
comparison with ethanol Soxhlet extraction, in weight % of the raw material dry substance 



Yield 


High pressure 
extraction 


Soxhlet 
extraction 








Total lipid extract 


2.50 


7.30 


Total fatty acids 


2.10 


4.20 


Arachidoaic acid (20-4 n6) 


0.18 


0.35 


Eicosapeotaenoic acid (20-5 n3) 


0.08 


0.13 



In Table 5, the maximum attainable yields in terms of the raw material mentioned 
with each method are compared. Soxhlet extraction here stands for processes of solvent 
extraction using ethanol overall because in principle this represents nothing more than a 
repeated process of percolation/maceration. 

To enable evaluating the quality of the extracts obtained, the fatty add pattern of the 
extracts recovered by the two methods are compared in Table 6. 
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Table 6 

Comparison of the fatty acid spectra of a high-pressure extract and a Soxhlet extract of 
Ascophyllum nodosum: figures given as weight % of the total fatty acids 



5 



10 



15 



20 



Fatty Acids 


High-pressure 
Extract 


Soxhlet Extract 








14-0 


5.58 


10.4 


14-1 n5 


0.15 


0.12 


16-0 


7.46 


12.4 


16-1 n7 


' 0.94 


1.28 


18-0 


0.97 


0.93 


18-1 n9 


53.8 


43.8 


18-2n6 


9.56 


8.0 


20-0 


0.34 


0.29 


18-3 n3 


1.58 


2.3 


20-1 n9 


0.48 


0.11 


20-2 n6 


1.77 


1.37 


22-0 


2.88 


0.12 


20-3 n6 


0.91 


0.59 


22-1 n9 


0.44 


0.30 


. 20-4 n6 


7.26 


8.05 


20-5 n3 


2.18 


3.06 



The results in Table 6 clearly show that the solvent extract of Ascophyllum nodosum 
has only a slightly more favorable composition in terms of the proportion of arachidonic acid 
and eicosapentanoic acid, compared with the high-pressure extract. Since with the aid of 
25 high-pressure extraction, it is primarily nonpolar lipids (triglycerides) that are extracted, it 
must be presumed that the indicative fatty acids also occur in high proportions in these lipids. 
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Example 5 

Separation of the lipid fraction from the misceHa bv increasing the water content 

Separation of the lipid fraction from the miscella by increasing the water content was 
carried out in the example of the miscella obtained by staged countercurrent extraction of 
5 alginate 2 with 90% ethanol. Five aliquot portions were taken from the miscella and adjusted 
to various water contents, beginning with 10% water in the starting miscella (see Table 7). 
The extracts precipitated after the addition of water were recovered by centrifuging, 
decanting of the remainder, and ensuing drying. 

10 Table 7 below clearly shows the relationship that exists between the water content of 

the miscella and the yields of the precipitated lipid fractions. The table shows the lipid yields 
obtained with a comparison extract that was recovered from by complete evaporation off of 
the solvent of an aliquot quantity of the starting miscella. The yields are shown relatively 
in percent of comparison extract (comparison extract = 100%). 

15 Table 7 

Lipid yields from the miscella after precipitation by increasing the water content, in percent 
of the comparison extract (equals 100%): values for water content in absolute percent 



Water Content 


25.0 


35.7 


43.75 


50 


55 














GE 


46.06 


78.63 


84,76 


87.31 


88.73 


LE 


48.28 


74.92 


80.68 


84.8 


88.32 


FS 


51.59 


90.07 


93.24 


94.61 


84.7 


20-4 n6 


64.56 


1(X).2 


102.9 


103.1 


97.58 


20-5 n3 


57.49 


97.94 


102.32 


104.41 


95.62 



GB = total extract; LE =» lipid extract; FS = fatly acids; 20-4 n6 = arachidonic acid; 20-5 n3 = 
25 eicosapentanoic acid 
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The values in Table 7 show that increasing the water content of the miscella from 
10% to 35 % is already sufficient for the lipids, in which the indicative fatty acids arachidonic 
acid and eicosapentanoic acid are localized, to be virtually quantitatively precipitated out. 
The values over 100% are suspected to be the result of the fact that because of the greater 
purity of the lipid fractions after precipitation in comparison with the comp^son extract, the 
fatty acids can be more completely converted into the derivatives that are determinable by 
gas chromatography. 

The method of lipid precipitation from the miscella employed here, by increasing the 
water content, also has the following advantages in terms of the process: 

1 . As a result of the major increase in the water content of the miscella, prepurification 
of the extract takes place, because hydrophilic substances, which at a 10% water 
content of the extraction agent are already co-extracted, remain in solution and in this 
way need not be removed from the total lipid extract only afterward by complicated 
processes. 

2. Alginates or carragheenins, which are extracted primarily from native algae in 
sometimes quite major quantities with 90% ethanol, can cause problems in solvent 
recovery in modem evaporator systems (such as downflow evaporators). However, 
if the lipid extract is obtained by adding water from the miscella, then the excess 
water keeps the hydrophilic hydrocolloids in solution, so that the separation of the 
solvent from the remaining miscella can be carried out without problems. 

In order to check whether a selective precipitation of the lipids from the miscella and 
hence a variation in the fatty acid pattern of the lipids occurs from the water addition, the 
extract precipitated out with a miscella water content of 55% and the comparison extract 
were studied by gas chromatography as an example. 
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Extract 1 listed in Table 8 below was obtained from the starling miscella by 
increasing the water content to 55%, while the comparison extract was obtained by 
evaporating the solvent out of the starting miscella. 

Table 8 

5 Fatty acid pattern of an extract precipitated out with a 55% water proportion, compared with 
the total extract: figures ^iven in weight % of the total fatty acids 



10 



15 



20 



Fatty Acids 


Extract 1 


Comparison 
Extract 








14-0 


8.26 


7.9 


14-1 n5 


0.76 


0.69 


16-0 


19.73 


18.9 


16-1 n7 


4.28 


4.32 


18-0 


0.43 


0.39 


18-1 n9 


24.56 


22.46 


18-2 n6 


7,88 


7.43 


20-0 


0.37 


0.34 


18-3 n3 


6.97 


6.77 


20-1 n9 


0.17 


0.15 


20-2 n6 


0.27 


0.26 


20-3 ii6 


0.4 


0.37 


22-1 n9 


0.08 


0.07 


204 n6 


11.44 


10.72 


20-5 ii3 


10.56 


10.01 


22-6 n3 


0.46 


0.36 



I The results of the fatty add analysis in Table 8 show that the fatty add spectra of the 

:i 25 two extracts are not substantially different. The proportions of the indicative fatty acids 

i arachidonic acid and eicosapentaenoic acid, at 10 to 1 1 weight %, also virtually agree. This 

i 

i 
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result confums the findings already shown in Table 7, that by purposeful addition of water 
a quantitative precipitation of the lipids and fatty acids from the raw miscella is possible. 

Example 6 

The separation of the neutral lipid extract by extraction with compressed gases is 
5 described below. 

In a suitable system, the miscella obtained with organic solvents (preferably ethanol) 
or an extract freed completely or partially of the solvent is brought into contact in an 
extraction autoclave with compressed gases, preferably carbon dioxide. An entraining agent 
can be added in metered fashion to the compressed gas in order to purposefully adjust the 
10 extraction properties. 

If the liquid solvent was removed completely from the extract and no entraining agent 
was admixed with the extraction gas, then the triglycerides, carotenoids, chlorophylls and 
phytosterols are dissolved selectively out of the extract. By a suitable selection and metered 
15 addition of the entraining agent or incomplete separation of the liquid solvent from the 
extract, the dissolution properties of the extraction gas can be expanded substantially. 

By reducing the pressure and/or raising the temperature of the extraction gas, its 
solubilizing capacity is reduced in stages. In each of these stages, a certain portion of the 
dissolved lipids occurs as an extract fraction. In this way, fractionation of the lipids into one 
20 nonpolar and one polar fraction primarily takes place. The nonpolar lipid fraction can then, 
in the course of a multistage precipitation, be subjected to further fractionation. 

This separation will be described in detail in terms of a CQi high-pressure 
countercurrent extraction of a miscella. 

An aliquot of a miscella that was obtained by maceration of alginate 2 with 90% 
25 ethanol is extracted in countercurrent with compressed carbon dioxide (150 bar, 35**C) in a 
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Stripper column. After the extraction, the compressed gas is expanded in a precipitation 
autoclave to 20 bar, so that the lipid dissolved in the fluid occurs in the form of extract. The 
fraction not soluble in the fluid collects at the bottom of the column. It comprises polar 
lipids and the non-lipophilic remaining extract. The fill level of the separator and of the 
5 stripper column can be monitored visually during the extraction via viewing windows. In 
the course of the extraction, when a certain fill level is attained, both fractions can be 
removed via a valve. 

The maceration was carried out in this example as a one-stage batch extraction at 
SS'^C for 20 hours. The miscella concentration prior to high-pressure extraction was 1.37% 
10 in terms of the total extract and 1 % in terms of the lipid extract. Some of the miscella 
obtained by the maceration was removed and used for the high-pressure extraction. After 
the high-pressure extraction, 41.3% of the total extract and 50.9% of the lipid extract could 
be found in the separator. 

Gas chromatography investigation of the extracts in the sepa rator and prior to the high- 
15 pressure extraction 

In order to t)e able to evaluate w;hether the neutral lipid extract obtained by high- 
pressure extraction differs in the composition of the fatty acids compared with the total 
extract of the fractionation, a gas chromatography analysis of the fatty add pattern of the 
extract was carried out before and after the high-pressure extraction. 
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Table 9 

Fatty acid pattern of a lipid extract of alginate 2. obtained bv maceration, before and after 
high-pressure extraction (HD-E) in weight % of the total fatty acids 



10 



20 



Fatty Acids 


Before HD-E 


After HDE 
i.S. 








14-0 


8.25 


- 7.65 


114-1 mS 


0.07 


0,00 


14-1 n5 


0.41 


0.27 


15-0 


0.36 


0.11 


16-0 


20.17 


19.42 


116-1 n7 


0.27 


0.23 


16-1 n7 


3.56 


3.42 


17-0 


0.15 


0.11 


18-0 


1.04 


0.61 


tl8-l n9 


0.07 


0.02 


18-1 n9 


26.02 


22.85 


18-2 ii6 


7.10 


6.18 


19-0 


0.00 


0.00 


18-3 ii3 


4.68 


6.18 


18-4 n3 


9.64 


12.47 


20-0 


0.61 


0.39 


20-1 n9 


0.14 


0.05 


20-2 n6 


0.49 


0.42 


20-3 n6 


0.50 


0.35 


204 n6 


7.84 


7.60 


20-3 n3 


0.14 


0.15 


20-5 n3 


7.68 


10.37 
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zz-u 


0.03 


0.07 


22-1 n9 


0.11 


0.17 


24-0 


0.07 


0.06 


24-1 n9 


0.10 


0,28 


22-06 n3 


O.U 


0.03 


Total 


100 


100 



HD-E = high-pressure extraction; VS ~ fatty acids; i.S. = in the separator 
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Comparison of the fatty add spectra of the lipid extracts before and after the high- 
pressure extraction shows that the fatty acid pattern of the neutral lipid fraction does not 
differ substantially from the total extract. The proportion of the physiologically significant 
fatty acids arachidonic acid (20-4 n6) and eicosapentaenoic add (20-5 n3) in the neutral lipid 
extract does not vary toward the negative as a result of the high-pressure extraction, but in 
the case of the eicosapentaenoic acid on the contrary even rises. 



The results of this experiment show that the LCPs are localized in substantial 
15 proportions in the neutral lipids of the residues from alginate production. 




